Abstract
Introduction
Trauma is a major cause of paediatric mortality. Most intra-abdominal organ injuries are the result of blunt trauma, with the genitourinary system involved in nearly 10% of cases [1, 2] . The kidneys are the most frequent site of genitourinary system organ injury. Despite severe renal trauma, haematuria is not seen in one-fourth of cases, and clinical manifestations can lead to a mild course [3] [4] [5] . With regard to non-invasive radiological delineation of renal trauma, ultrasound imaging is inadequate, especially in cases of low-grade trauma. A definitive diagnosis requires the use of contrast-enhanced computed tomography, which exposes children to high doses of radiation. Therefore, there is an ongoing search for non-invasive diagnostic methods or markers of renal trauma [6] .
Recent studies have reported that neutrophil gelatinase lipocalin (NGAL), kidney injury molecule 1 (KIM-1), interleukin (IL)-18, and cystatin-C (Cys-C) could serve as descriptive biomarkers for various pathologies (e.g. ischaemia, nephrotoxicity, nephropathy, and acute renal failure) involved in end-stage renal damage. Serum and urinary concentrations of these markers are elevated in patients with renal damage, especially renal tubular damage, but not in those without kidney damage [7] [8] [9] [10] [11] .
The aim of this experimental study was to investigate changes in the concentrations of serum and urine NGAL, KIM-1, IL-18, and Cys-C induced by parenchymal and tubular damage following blunt kidney trauma, as well as their potential as biomarkers in the detection and follow-up of patients with suspected blunt renal trauma.
Material and methods
This study was performed in the Centre of Experimental Investigations after obtaining approval from the Direc-torate of the Ethics Committee of Animal Experiments. Three-month-old male Sprague-Dawley rats (n = 18) weighing 280-330 g were included in the study. The rats were housed in cages under standard laboratory conditions (fixed temperature and humidity and a 12 h light / 12 h dark cycle). All the animals had access to fresh water, and they were fed a standard diet of pellets.
Experimental groups and procedures
The rats were divided into the following three groups: group 1: control group (n = 6); group 2: sham group (n = 6) (explorative surgery and exposure of the left kidneys); and group 3: trauma group (n = 6) (explorative surgery and induction of blunt renal trauma of the left kidneys). Control group: no intervention was performed. Sham group: under general anaesthesia, through a midline incision, the abdominal cavity was entered. The left kidneys of the rats were exposed, and the abdominal cavity was then closed. The rats were placed in metabolic cages containing standard pellets and tap water and monitored. Trauma group: the renal trauma model and apparatus were performed according to described by Hanbeyoglu et al. [12] . Under general anaesthesia, through a midline incision, the abdominal cavity was entered. The left kidney was dissected away from the perirenal fat tissue and elevated from its lateral edges. Taking care to protect the renal pedicle, renal injury was induced by the way targeted the kidney parenchyma in the spoon of the device. A 20 g cylindrical object was dropped once on the kidney from a height of 30 cm to induce grade I and III injuries (Fig. 1) . The object was then removed, and the kidney was returned to its anatomical place. At the injured site, macroscopic haematomas and lacerations were observed. The grade of renal trauma was classified according to the organ injury scale [13] . The abdominal cavity was closed as described above, and the rats were placed in metabolic cages.
All the experimental procedures were performed under aseptic conditions. General anaesthesia was instituted via the administration of intramuscular ketamine hydrochloride (Ketalar ® , Eczacibasi, Istanbul, Turkey) and xylazine hydrochloride (Rompun ® , Bayer, Istanbul, Turkey), with doses of 50 mg/kg and 4 mg/kg, respectively.
In all three groups, the same post-procedural criteria of follow-up and care were applied. Serum and urine samples were collected before and 12-24 h, 36-48 h, and 60-72 h after the surgical procedures.
Retrieval, collection, and evaluation of the serum and urine samples
Prior to the experimental procedures, serum and urine samples were collected from all the animals for analysis of NGAL, KIM-1, IL-18, Cys-C, and creatinine. The serum samples were placed in tubes containing EDTA and centrifuged at 2500 rpm for 20 min. The serum samples were aliquoted and stored at -20°C until the analysis. The urine samples were placed in sterile urine collection containers and centrifuged at 2500 rpm for 20 min. The samples were stored at -20° C until they were used.
The sandwich ELISA method and commercial kits were used to measure NGAL (Sunred ; catalogue no. 201-11-0146). The serum samples and standard solutions were pipetted into wells coated with polyclonal antibodies specific to KIM-1, NGAL, Cys-C, and IL-18. A biotinised polyclonal anti-human antibody was added to the wells. Following incubation, unbound antibody was removed by washing. A streptavidin-peroxidase-enzyme conjugate was then added to the wells to ensure its conjugation with biotinised antibodies. Following a second incubation, unbound antibody-enzyme conjugate was removed by washing. A substrate was added to the wells. The intensity of the colour increased after the third incubation. Enzymatic activity was measured using a spectrophotometer at a wavelength of 450 nm. The intensity of the colour was in direct proportion to the concentrations of KIM-1, NGAL, Cys-C, and IL-18 in the sample. The results were expressed in pg/ml for KIM-1, ng/ml for NGAL, µg/ml for Cys-C, and ng/l for IL-18. The tests were sensitive for KIM-1 at 23.776 pg/ml and for NGAL at 0.268 ng/ml. The intra-assay and inter-assay CVs for KIM-1 and NGAL were < 9% and < 11%, respectively. The tests were sensitive for Cys-C at 0.05 µg/ml and for IL-18 at 0.472 ng/l. The intra-assay and inter-assay CVs for these two parameters were < 8% and < 10%, respectively.
Urine creatinine levels were measured using an autoanalyser (Siemens Advia 1800 Chemistry System, Siemens, Tokyo, Japan) and commercial kits (Siemens, 
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Camberley, UK) in the clinical chemistry laboratory of our university.
Statistical analysis
For descriptive statistics, parametric data were presented as mean ±standard deviation (mean ±SD). For pairwise comparisons, the Mann-Whitney U test was used. For inter-and intra-group comparisons, Kruskal-Wallis and Wilcoxon rank tests were used, respectively. A value of p < 0.05 was considered as significant.
Results
No animals died during the study. Grade II and III renal injuries, including macroscopic haematomas, were observed in all the rats in the trauma group.
When the pre-operative values of the trauma and sham groups were compared with the baseline values of the control group, there were no statistically significant differences in any of the parametric data (p > 0.05). There was also no significant difference between the control and sham groups in successive serum NGAL measurements (p > 0.05). In the trauma group, post-operative NGAL values showed a statistically significant increase after 12-24 h and 36-48 h, compared with pre-operative values (p < 0.05). At the 48 th post-operative hour, serum NGAL levels decreased significantly (p < 0.05) and approached normal levels (Table 1) (Fig. 2A) . There was no significant difference in successive urine NGAL measurements in the control and sham groups (p > 0.05). In contrast, in the trauma group, when compared with pre-operative values, post-operative urine NGAL values showed a statistically Fig. 2B ).
In the control and sham groups, no significant change was observed in successive urine KIM-1 measurements (p > 0.05), while there was a significant difference in the KIM-1 values after the trauma (p > 0.05). In contrast, in the trauma group, when compared with pre-operative values, the KIM-1 values were statistically significantly higher at post-operative 12-24 h, 36-48 h, and 60-72 h (p < 0.05) ( Table 1, Fig. 3A ).
In the control group, no significant change was observed in serum IL-18 levels (p > 0.05). In contrast, in the sham and trauma groups, serum IL-18 levels measured at post-operative 36-48 h and 60-72 h showed a significant increase when compared with pre-operative levels (p < 0.05). There was no significant change in urine IL-18 levels in the control and sham groups (p > 0.05). However, in the trauma group, IL-18 levels showed a statistically significant increase at post-operative 12-24 h, 36-48 h, and 60-72 h when compared with pre-operative values (p < 0.05), as shown in Table 2 and Figure 3B .
In the control and sham groups, there was no significant difference in serum and urine Cys-C levels (p > 0.05 for both). However, in the trauma group, there was a statistically significant increase in both serum and urine Cys-C levels at post-operative 60-72 h when compared with pre-operative values (p < 0.05 for both) ( Table 2) .
In both the sham and trauma groups, urine creatinine values increased after post-operative 12-24 h (p < 0.05) ( Table 2) .
Discussion
The present study investigated the potential utility of non-invasive serum and urine markers in the detection of blunt renal trauma. The results suggest that urine KIM-1 and IL-18 and urine and blood NGAL values have potential as non-invasive markers of blunt renal trauma.
In a wide spectrum of studies, researchers have evaluated the usefulness of measurements of serum and urine enzymes in the detection of kidney diseases [7] [8] [9] [10] 12] . Serum and urine NGAL, KIM-1, IL-8, and Cys-C tests have been shown to be important in the detection of renal damage that develops secondary to ischaemia or other diseases and in monitoring these diseases [14] [15] [16] . For example, studies showed that they could be used to quantify and predict the severity of renal damage before the deterioration of renal function [17] [18] [19] [20] . However, information is lacking in the literature on changes in serum and urine levels of KIM-1, NGAL, IL-18, and Cys-C enzymes in the presence of traumatic injury.
Traumatic injury is an important cause of mortality and morbidity in children. In the genitourinary system, the kidneys are the most frequently injured organs. In a patient with whole-body trauma, urinary analysis aimed at detecting the presence of haematuria, in addition to an ultrasonographic examination, is the easiest way to detect genitourinary system injury [2, 6] . However, even in cases of severe renal injury, at the onset, macroscopic and microscopic haematuria are seen in only 65% and 32.7% of cases, respectively. Thus, ultrasound is inadequate in the determination of renal injuries. Instead, contrast-enhanced CT, which exposes children to high doses of radiation, is needed for the detection of renal trauma in paediatric cases [2, 6] .
NGAL is a well-known member of the lipocalin family. Previous studies reported variations in levels of NGAL in the presence of renal damage. Immunohistochemical analyses revealed increases in the levels of NGAL in renal proximal tubules following ischemia lasting 3 h [21] . Subsequent studies demonstrated that urinary levels of NGAL were elevated after renal ischaemia-reperfusion injury and suggested that NGAL could be a potential diagnostic biomarker of the development of acute renal ischaemia in paediatric patients undergoing cardiac surgery [22] . The same studies indicated that the urinary level of NGAL could be useful in the assessment of contrast-induced nephropathy in children [23] . Thus, these studies pointed to the effectiveness of NGAL, both in aiding the diagnosis and in predicting the prognosis. In the present study, in the trauma group, the serum and urine levels of NGAL were statistically significantly increased immediately after the trauma, as compared to those of the sham and control groups. Thus, the present study confirmed that NGAL was an important non-invasive marker in the early recognition of blunt renal trauma.
Ichimura et al. [17] reported that KIM-1 was not present at a detectable level in normal rat kidneys, whereas it was increased in the kidneys of rats after acute renal ischaemia. Similarly, another study indicated that KIM-I might be preferable to conventional biomarkers in human studies [24] . In a study of acute renal ischaemia that developed following exposure to cisplatin, serum creatinine and BUN or urinary NAG were more valuable biomarkers than glycosuria and proteinuria [25] . Many previous studies of non-traumatic renal damage determined the sensitivity and specificity of KIM-1 in the detection of renal damage [14, 16, 17] . The present study also found significantly higher urinary levels of KIM-1 in trauma-induced rats, without any significant change in serum KIM-1 levels.
Levels of IL-18, a pro-inflammatory cytokine present in proximal tubules, increase in cases of acute kidney injury. Parikh et al. indicated that IL-18 levels were elevated in patients with acute renal ischaemia but not in patients with other renal diseases [26] . Another study reported elevated levels of IL-18 in cisplatin-induced acute renal ischaemia [11] . However, Haase et al. [27] suggested that IL-18 was not a suitable marker of acute renal ischaemia in patients undergoing cardiac surgery. In the present study, urine IL-18 levels of the trauma group were significantly higher than those of the sham and control groups. However, serum IL-18 levels were significantly higher in both the sham and trauma groups compared with the control group. Therefore, although urine IL-18 levels seem to increase secondarily to renal trauma, elevated serum levels of IL-18 do not seem to be associated with renal trauma.
Increased levels of Cys-C are found in the early phase of acute renal ischaemia, especially in intensive care unit patients [15, 28] . In a previous study, Nejat et al. [29] stated that Cys-C could serve as a diagnostic tool in the prediction of mortality. In the present study, in the trauma group, serum and urine Cys-C levels reached their highest level within 60-72 h. We speculate that the significantly higher Cys-C levels at postoperative 60-72 h originated from differences in the aetiology of renal tubular damage. These findings suggest that although Cys-C levels do not seem to be beneficial in the early detection of trauma, they could be useful in its follow-up.
Urine creatinine (serum creatinine and urea) and creatinine clearance are routinely used in laboratories for the evaluation of renal glomerular damage [30] . In the present study, urine creatinine levels showed a significant increase in both the trauma and sham groups. This increase was probably due to surgical stress rather than tubular damage.
In the evaluation of renal glomerular damage, various indicators, such as serum creatinine and urea and creatinine clearance, are routinely used. A number of biochemical parameters are available to evaluate tubular damage. These include urinary alkaline phosphatase, gamma glutamyl transferase, leucine aminopeptidase, alanine aminopeptidase, β-galactosidase, neutral endopeptidase, α-glucosidase, and N-acetyl-β-D glucosaminidase measurements. However, the poor stability of these molecules and difficulties in collecting urine for 24 h restrict the use of most of these indicators [12, [31] [32] [33] [34] . NGAL, KIM-1, and IL-8 have potential as biochemical parameters in the determination of renal damage.
Conclusions
Within the limitations of the present study, we conclude that NGAL, KIM-1, and IL-18 may be simple, effective and novel non-invasive descriptive candidate urinary and serum biomarkers of early tubular damage following renal trauma. However, detailed clinical and experimental studies are needed to determine the potential utility of these markers in routine care. Such studies could lead to major advances in the use of non-invasive biomarkers in renal trauma. The availability of such biomarkers would decrease the use of contrast materials for diagnostic purposes, thereby reducing radiation exposure and the need for invasive procedures.
